
27 



What is claimed is: 

1. A nonvolatile semiconductor memory device comprising: 
a first wiring extending in a first direction; 
a first memory element so arranged as to be connected with 
said first wiring; 
5 a second wiring extending in a second direction which is 

different from said first direction, said second wiring being 
connected with said first memory element; 

a second memory element so arranged as to be connected with 
said second wiring; 
10 a third wiring extending in said first d i r e c t i o n , said third 

wiring being connected with said second memory element; 

wherein said first memory element is constructed of an 
insulation film and two or more of ferromagnetic thin films disposed 
adjacent to opposite sides of said insulation film., saio 
15 ferromagnetic thin films being connected with said first wiring 
and said second wiring; 

wnerein said second memory element is constructed of an 
insulation film and two or more of ferromagnetic thin films disposed 
adjacent to opposite sides of sail; insulation film, saio 
20 ferromagnetic thin films being connected with said second wiring 
and said third wirinc; 



two or more of said ferromagnetic thin films is stored as a piece 
of information, said piece of information being retrieved ty using 
25 variations in electric resistance value of saio memory element when 
a tunnel current flows through said memory element, said variations 
in electric resistance value -of said memory hieing caused by a 
magnetoresist ive effect resulted from said difference in direction 



w n e rem a d i f t 



e r e n c 



e in magnetization direction between 



said 
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between said magnetizations of said two or more of said ferromagnetic 
30 thin films; 

wherein said first memory element pairs off with said second 
memory element without exception to store a piece of information 
opposed in meaning to that stored in said seoond memory element. 

2. The nonvolatile semiconductor memory device as set forth 
in claim 1, wherein 

a plurality of each of said first, said se::nd and said third 
wirings and a plurality of ea;:h of said first and said second memory 
5 elements are provided; 

a write c i r c uit connected w x t h s a i d f i r st, s a i ci s e c o nd a nd 
said third wiring tc store sa.ii piece of information In both said 
first and saio sec: no memory element; and 

a r e a d ■:: iicuit c o n nected with sard first, said s e c o n d a n d said 
10 third wiring to retrieve said piece of information stored in said 
first and said second memory element. 

. The nonvolatile semiconductor memory device as set forth 
in claim 1 , wherein sal a for s t direct ion is p e rpendi :ular to said 
second direction. 

■4. The nonvolatile semiconductor memory device as set forth 
in claim 2, wherein 

said first wirings are arranged in parallel to each other on 
a first plane ; 

5 said second wiring are arranged in parallel to each -other on 

a second plane, said second plane being parallel to said first plane 
and disposed over said first plane; 

said third wirings are arranged in parallel to each o-ther on 
a third plane, said third plane being parallel to said first plane 
10 and disposed over said second plane; 
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said first mem-Dry elements are disposed on a forth plane, said 
forth plane being parallel to said first plane and disposed between 
said first and said second plane; 

said second memory elements are disposed on a fifth plane, 
15 said fifth plane being parallel to said first plane and disposed 
between sale second an:l saia third plane. 

5. The nonvolatile semiconductor memory device as set forth 
In claim 2 , w n ereln 

each of said wrote circuit and sard read circuit is constructed 
of a semic :ciuc:or integrated circuit. 

6. The nonvolatile semiconductor memory device as set forth 
in claim 1 , w n erei n 

a plurality of groups, each -group of which is constructed 
o- f s a i d first, said sec o n d and s a i d t h i r d w iri n g a n d said first 
5 and said se c o n d mem o r y e I erne no, are arrange d through said insulatio n 
f i lms . 

7. In a method for recording information in a nonvolatile 
semiconductor memory device comprising: a first wiring extending 
in a first direct ion; a first memory element so arranged as to be 
connected with said first wiring; a second wiring extending in a 

5 second direo: ion which is different from said first direction, said 
second wiring being connected with saia first memory element; a 
second memory element sc arranged as to be connected with said second 
wiring; a third wiring extendi rt g in said f 1 rst direction, said tni rd 
wiring being connected with said second memory element; 

10 wherein sard first memory element is constructed of an 

insulation film and two o»r mor e o f ferrc -ma gnetic thin films disposed 
adjacent to -opposite sides of said insulation film, said 
ferromagnetic thin films being connected with said first wiring 
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and said second wiring; said second memory element is constructed 
of an insulation film and two or more cf ferromagnetic thin films 
disposed adjacent to opposite sides of said insulation film, said 
ferromagnetic thin films being connected with said second wiring 
and said third wiring; a 'difference in magnetization direction 
between said two or more of said ferromagnetic thin films is stored 
as a piece of information, said piece of information being retrieved 
by using variations in electric resistance value of said memory 
element when a tunnel current flows through said memory element, 
said variations in electric resistance value of said memory being 
caused by a magnet ores i s ti ve effect resulted from said difference 
in direction cotween said magnetizations e f said two or more of 
said ferromagnetic thin films; said first memory element pairs off 
with said sec-: no memory element without exception to store a piece 
of information opposed in meaning to that stored in said second 
memo r y el erne n t , 

the improvement therewith comprising the steps of: 
magnetising one or more of said ferromagnetic tnm films of 
said first mem cry e I ement in a o .1. rect i. on parallel to -or an ti parallel 
tea direction of magnetization -of the remaining ones of said 
f e r ro-magnet thin films ■■ther than said one or imore of said 
ferromagnetic thin films to perform an information:: write operation 
in said nonv .lati ie semiconductor mem-cry device; and 

magnetizing one or more of said ferromagnetic thin films cf 
s a id second memory e 1 ement in a direction pa ra 1 1 e 1 to or ant ipa ra 1 1 e 1 
to a direction -of magnetization of the remaining ones of said 
ferromagnetic thin films ''other tnan said one or nnre of said 
ferromagnetic thin films to perform said write operation of said 
piece of information in said nonvolatile semiconductor memory 
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device ; 

wherein: one of a first state and a second state is selected 

45 to perform said write operation; said first state is established 
when said one or more of said ferromagnetic thin films of said first 
memory e Lement are magnetized in a direction parallel to a direction 
of magnetization of the remaining ones of said ferromagnetic thin 
films of said first memory element in a condition in which said 

50 one or more of said ferromagnetic thin films of said second memory 
element: are magnetize:! in a direction antipar allel to a direction 
of magnetization of the remaining ones of said ferromagnetic thin 
films of said secono memory element; and, said second state is 
established when said -.-ne or more of said ferromagnetic thin films 

55 of saiol first memory '..-lement are magnetized in a direction 

antioarallel to a direction of magnetization of the remaining ones 
of said ferromagnetic thin films of said first memory element in 
a condition in which said -one or more of said ferromagnetic thin 
f ilms of said second memory element; are magnetized in a direction 

60 parallel to a direction of magnetization of the remaining ones of 
said ferromagnetic thin films of said see-on d mem-cry element ; 

wherein an information read operation of said nonvolatile 
semiconductor memory device is performed through the steps of: 
determining a first electric resistance value of said fi.rst memory 

65 element when said tunnel current flows through said first memory 
element; determining a second electric resistance value of said 
second memory element when said tunnel current flows tnrough said 
second memory element; and, sensing a difference in electric 
resistance value between said first and said second electric 

70 resistance' value to determine which of said first and said second 
states sai d memory device is currently in, whereby said information 
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read operation of said memory device is performed. 

z- . The method as set forth in claim 7, wherein said steps of 
magnetizing said one or more of said ferromagnetic thin films of 
said first memory element is carried out by using a magnetic filed, 
said magnetic field being generated by an electric current flowing 

5 through at least one of sale first and said second wiring. 

r' . The method as set forth on claim 7, wherein said step of 
magnetizing said one or more of said ferromagnetic thin films of 
said second memory element is carried out by using a magnetic filed, 
said magnetic field being generated by an electric current flowing 

5 through at least one of said second and said third wiring. 



